Abstract. We present the analysis of HD 181068 which is one of the first triply eclipsing triple system discovered. Using Kepler photometry, ground based spectroscopic and interferometric measurements, we determined the stellar and orbital parameters of the system. We show that the oscillations observed in the red giant component of the system are tidally forced oscillations, while one of the most surprising results is that it does not show solar-like oscillations.
Introduction
The ultraprecise and continous photometry of Kepler space telescope led to great discoveries not just in the field of exoplanets but in stellar astrophysics too. Among others, it opened a new era in the investigation of multiple star systems, such as discoveries of the first triply eclipsing triple systems, KOI-126 (Carter et al. (2011) ) and HD 181068 (Derekas et al. (2011) ). The special geometry of these triply (or mutually) eclipsing triple systems, enables us fast and easy determination of further characteristics that otherwise could only be studied with great effort on a long time-scale.
Here we present the analysis of the triply eclipsing hierarchical triple system HD 181068 based on Kepler photometry, ground based high-resolution spectroscopy and interferometry. HD 181068 has a magnitude of V = 7.1 and a distance of about 250 pc (van Leeuwen (2007) ). It has been previously identified as a single-lined spectroscopic binary (Guillout et al. (2009) ) but there have been no reports of eclipses.
Kepler data
HD 181068 was observed by the Kepler space telescope in long cadence mode (one point every 29.4 minutes) for the entire mission, and in short cadence mode (time resolution of 58.9 sec) from Q7-Q16 using a Custom Made Aperture Mask. The light curve is shown in Fig. 1 .
The observations reveal a very distinctive light curve. It shows eclipses every ∼22.7 days and slow variations in the upper envelope (top panel in Fig. 1 ) that are likely caused by ellipsoidal distortion of the primary component (A). There are also very regular and much narrower eclipses (bottom panel in Fig. 1 ). These minima have alternating depths, corresponding to a close pair (Ba and Bb), with an orbital period of 0.90567 d. The 22.7-d eclipses all have similar depths, but there are subtle differences between consecutive minima. The true orbital period of the BaBb pair around the A component is 45.5178 d. In addition to the eclipses, there are brightness fluctuations during the long period minima which imply that component A is also an intrinsic variable star with a mean cycle length close to half the shorter orbital period, indicating tidally-induced oscillations. There were also several flare-like events in the light curve that usually lasted about 6-8 hours. More detailed description of the light curve can be found in Derekas et al. (2011) and Borkovits et al. (2013) . 
Spectroscopy
We obtained 41 high-resolution optical spectra using FIES spectrograph at the Nordic Optical Telescope (NOT), Dominion Astrophysical Observatory (DAO), Thüringer Landessternwarte (TLS) Tautenburg and the 2.7m telescope with the Robert G. Tull coudè spectrograph at the McDonald Observatory (McD). As 99.3 % of the light comes from star A, we could not find any signiture of the close pair in the spectra. Therefore, the measured radial velocities represent the orbital reflex motion of star A (Fig. 2) . We also determined the stellar parameters of the star A by fitting theoretical template spectra from the library of Munari, et al. (2005) to a NOT spectrum. The resulted parameters are listed in Table 1 .
Interferometry
Interferometric observations were performed in three nights in 2010 July, using two different baselines (156.3 m and 248.1 m) of the CHARA Array. Detailed description of the observations can be found in the Support Online Material of Derekas et al. (2011) . The corresponding linear limb-darkening coefficient was determined by interpolating the spectroscopically determined values of log g and T ef f in the grid of Claret (2000) , yielding µ = 0.63 ± 0.02. The resulting angular diameter of component A is θ LD = 0.461 ± 0.011 milli-arcsecond. Combining this with the Hipparcos parallax: 4.0 ± 0.4 mas, we can calculate the radius as R A = 12.4 ± 1.3R ⊙ .
Eclipse timing variations and light curve fit
In order to study the eclipse timing variations (ETV), the following linear ephemeris was calculated for the shallow minima:
where E is the cycle number ). The corresponding ETV diagram is plotted in Fig. 3 .
We see a sinusoidal variation with a period identical to the eclipsing period of the wide system. There is also a smaller, long-term variation, that might either be part of a longer period variation, or represent a secular trend, as is the case with several close binary systems.
Combining the measured ETVs with the single-lined radial velocity measurements we could determine masses in a manner equivalent to double-lined spectroscopic binaries. The final parameters are listed in Table 1 .
We have also developed a new light curve synthesis code ) that is used to model the triple, mutual eclipses and the effects of the changing tidal field on the stellar surface and the relativistic Doppler-beaming. By combining the stellar masses from the ETV study with the simultaneous light curve analysis we determine the absolute radii of the three stars. Our results indicate that the close and the wide subsystems revolve in almost exactly coplanar and prograde orbits (Fig. 4) . We note that the radius of star A from the dynamical model is in excellent agreement with the radius derived from interferometry. 
Oscillations
The light curve (see Fig. 1 ) shows oscillations with the timescale of the orbital period of the close pair which are visible both outside and during the eclipses and are less obvious to interpret. Fig. 5 shows the Fourier spectrum of the residual light curve after subtracting both the long-and short-period eclipses and rotational variations by using the light curve fit of Borkovits et al. (2013) , which resulted in a nearly continuous data set containing the pulsations. For the period analysis, we used Period04 by Lenz & Breger (2005) . In the Fourier-spectra, a number of frequencies were found ≤ 0.1 d−1 indicating long term variability, remnants of the light curve fit, or instrumental effects that are negligible in the present analysis. Significant peaks are listed in Table 2 .
The most intriguing result of the period analysis is that f 1 and f 2 are linear combinations of the two orbital frequencies, which can be naturally explained by three-body tidal effects (Fuller et al. (2013) ). The observed oscillation amplitudes and phases in HD 181068 are in good agreement with theoretical predictions. The angular frequencies are separated by 2Ω 1 , creating a beat pattern which is in phase near the primary eclipses and occultations (Fuller et al. (2013) ). The peaks frequencies f 3 and f 4 correspond to one and two times the orbital frequency of Ba and Bb, and may be caused by the imperfect subtraction of the eclipses or spots on the components. However, they could have a tidal component as well. 
